I 



J 



Europaisches Patentamt 
European Patent Office 
Office eu rope en des brevets 




© Publication number: 



0 645 406 A1 



<§) EUROPEAN PATENT APPLICATION 



© Application number: 94203365.5 
© Date of filing: 31.05.88 



© int. CI. 6 : C08F 234/02, C08F 214/26, 
C08F 16/24, B32B 9/04, 
B32B 15/04, B32B 27/00, 
B05D 3/02, G02B 3/00, 
G02B 6/00, G02B 6/1 0, 
H01G 4/08, H05K 1/00, 
H05K 1/18, H01B 3/00, 
B27N 5/02, C08L 45/00 





This application was filed on 18 - 11 - 1994 as a 




1007 Market Street 




divisional application to the application 




Wilmington 




mentioned under INID code 60. 




Delaware 19898 (US) 


® 


Date of publication of application: 
29.03.95 Bulletin 95/13 


€> 


Inventor: Squire, Edward N. 
P.O. Box 120, 


® 


Publication number of the earlier application in 
accordance with Art.76 EPC: 0 418 228 




RD5 

Glen Mills, PA 19342 (US) 


® 


Designated Contracting States: 
AT BE CH DE FR GB IT LI NL SE 


0 


Representative: Jones, Alan John et al 
CARPMAELS & RANSFORD 




Applicant: E.I. DU PONT DE NEMOURS AND 
COMPANY 




43 Bloomsbury Square 
London, WC1A 2RA (GB) 



© Amorphous copolymers of perfluoro-2,2-dimethyl-1,3-dioxole. 



© Amorphous copolymers of 65-99 mole % of perfluoro2,2-dimethyl-1 ,3-dioxole with complementary amounts 
of a) tetrafluorothylene and, optionally, at least one fluoro commonomer selected from monomers (b) to (i), have 
high glass transition temperatures of 140 *C or higher, low indices of refraction, and good physical properties, 
and low dielectric constants, which make them suitable for cladding optical fibers as well as for many electronics 
applications, including the manufacture of substrates for circuit boards. They are all soluble at room temperature 
*\" in perfluoro (2-butyltetrahydrofuran), which makes it practical to apply them as coatings from solution. 




UJ "°W » •*» » «> » 30 J> «t> «9 SO »i CO CS >0 75 tO 

MOLE % TFt 



BNSDOCID: <EP_ 0645406A1 .1. > 



Rank Xerox (UK) Business Services 

13. 10/3.09/3.3.4) 



EP 0 645 406 A1 



BACKGROUND OF THE INVENTION 

This invention relates to certain amorphous perfluoropolymers which are particularly suitable as 
cladding materials in optical fiber constructions as well as in certain electronics applications, molded 
5 articles, and films. 

While tetrafluoroethylene homopolymers and copolymers have many excellent properties, they usually 
suffer from low modulus, especially at elevated temperature; poor creep resistance; insolubility; and in 
some cases intractability. Various fluoropolymers have been proposed from time to time for cladding optical 
fibers, mainly because of their low refractive indices. A good polymeric cladding material for optical fibers 

w should be completely amorphous because crystallites present in polymers would cause light scattering. 
Further, it should have a high glass transition temperature, Tg, especially if intended for use at high 
temperatures because above its Tg it would lose some of its desirable physical properties and in particular 
it would be unable to maintain good bonding to the fiber core. A desirable Tg would be above 140*C, 
preferably above 180°C, especially above 220 'C. Suitable, entirely amorphous fluoropolymers having 

75 significantly high Tg*s have not been heretofore reported. 

U.S. Patent 3,978,030 to Resnick describes certain polymers of perfluoro-2,2-dimethyl-1 ,3-dioxole 
(PDD), which has the following formula: t 



20 



25 




CF 3 CF 3 

30 The above patent describes both homopolymers of PDD, which are not further characterized, and a 

crystalline copolymer with tetrafluoroethylene (TFE), which has a melting point of about 265 °C. 

Since Resnick's discovery of PDD homopolymer, it has been established that the material is amorphous 

and has a very high Tg of about 330 "C. The homopolymer, however, is not readily melt-processible 

because of poor flow and some degradation. 
35 Crystalline copolymers of PDD with TFE cannot be used in many applications, where, for example, 

optical clarity, dimensional stability, solubility, or high Tg is required. 

The polymers of U.S. Patent 3,978,030 have thus not been produced commercially, in spite of the fact 

that perfluoro polymers having desirable properties would have many possible uses in various high 

technology applications. 

40 It has now been found that the dioxole PDD forms amorphous copolymers that have unique properties 

that make them particularly suitable for a number of special applications requiring high performance. 

SUMMARY OF THE INVENTION 

45 According to this invention, there are now provided amorphous copolymers of 65-99 mole % of 

perfluoro-2,2-dimethyl-1 ,3-dioxole with complementary amounts of at least one comonomer selected from 
the class consisting of the following compounds: 

a) tetrafluoroethylene, 

b) chlorotrifluoroethylene, 
so c) vinylidene fluoride 

d) hexafluoropropylene, 

e) trifluoroethylene, 

f) perfluoro(alkyl vinyl ethers) of the formula CF 2 = CFOR F , where R F is a normal perfluoroalkyl radical 
having 1-3 carbon atoms, 

55 g) fluorovinyl ethers of the formula CF 2 =CFOQZ, where Q is a perfluorinated alkylene radical containing 
0-5 ether oxygen atoms, wherein the sum of the C and O atoms in Q is 2 ta 10; and Z is a group 
selected from the class consisting of -COOR, -S0 2 F, -CN, -COF, and -OCH 3 , where R is a Ci-C* alkyl, 
h) vinyl fluoride, and 
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i) (perfiuoroalkyl)ethylene, R f CH = CH 2t where R f is a Ci-Cs normal perfluoroalkyl radical; 
the glass transition temperature of the copolymer being at least 140'C; 

the maximum mote percentage, M a _M it of the comonomer in the copolymers being as follows: 
a) for tetrafluoroethylene, M a = 35, 
5 b) for chlorotrifluoroethylene, M b = 30, 

c) for vinylidene fluoride, M c = 20, 

d) for hexaf luoropropylene, M d = 1 5 

e) for trifluoroethylene, M e = 30 

f) for CF 2 = CFORf, M t =30, 
io g) for CF 2 « CFOQZ, M g = 20, 

h) for vinyl fluoride, M h = 25, and 

i) for R t CH = CH 2 , Mj = 10; 

and, in the case of copolymers with more than one comonomer, the amount of each comonomer being 
such that the sum, S, of the ratios of the mole percentages, m a ..mi, to the corresponding maximum 
75 percentages, M a ...Mj is no larger than 1 , as shown below: 

S = m a /M a + mb/M a + ... + m/Mj 1. 

As used herein, the term "complementary" means that the mole percentage of perfluoro-2,2-dimethyl- 
20 1 ,3-dioxole plus the mole percentages of all the above comonomers (a) through (i) present in the copolymer 
add together to 100%. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 FIG. 1 is a plot of the molar fraction of TFE in dipolymers with PDD versus the Tg of the dipolymer. 
FIG. 2 is a plot of the molar fraction of PDD in dipolymers with TFE versus the Tg of the dipolymer. 
FIG. 3 is a plot of dynamic moduli of a PDD copolymer with TFE and a comparison resin. 

DETAILED DESCRIPTION OF THE INVENTION 

30 r 

The copolymers of the present invention preferably have a Tg of at least 180 6 C. When such 
copolymers contain more than one comonomer copolymerized with PDD, the value of S is less than 1. The 
especially preferred copolymers of the present invention have a Tg of at least 220 °C. When those 
copolymers contain more than one comonomer copolymerized with PDD, the value of S is significantly less 
35 than 1, for example, 0.8 or less. 

All the principal monomers used in this invention are known to the art. The perfluoro (alkyl vinyl ethers) 
f) include perfluoro(methyl vinyl ether), perfluoro(ethyl vinyl ether), and perfluoro(n-propyl vinyl ether). The 
ethers g) include, La., methyl perfluoro(3,6-dioxa-4-methyl-8-nonenoate) (further referred to as EVE) repre- 
sented by the following formula 

40 

CF2=CFOCF 2 CFOCF 2 CF2COOCH3 
CF 3 

45 

and perfluoro(4-methyl-3,6-dioxa-7-octenyl) sulfonyl fluoride (further referred to as PSEPVE) represented by 
the following formula 

so CF2=CFOCF 2 CFOCF 2 CF2S02F . 

CF 3 

TFE is made in large quantities by E. I. du Pont de Nemours and Company; other suitable representative 
55 monomers are available from the following sources: VF 2 , chlorotrifluoroethylene (CTFE), hex- 
afluoropropylene (HFP), vinyl fluoride, and trifluoroethylene from SCM Specialty Chemicals, Gainesville, FL; 
perfluoro(methyl vinyl ether) (PMVE),and perfluoro(propyl vinyl ether) (PPVE) are made as described in U.S. 
3,180,895; (EVE) is made as described in U.S. 4,138,740; and PSEPVE is made as described in U.S. 

3 
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3,282,875. PDD is described in the above-mentioned U.S. Patent 3,978,030. 

It has now been discovered that PDD can be copolymerized with any.one or more of the above-named 
monomers to amorphous copolymers. 

The amorphous copolymers of the present invention, are soluble at room temperature in perfluoro(2- 
butyltetrahydrofuran),which is a commercial solvent available from 3M Company under the tradename FC- 
75. In addition, they have the following outstanding combination of properties: 

1 . high glass transition temperatures; 

2. high moduli, especially at elevated temperatures; 

3. high strengths, especially at elevated temperatures; 

4. low creep under compressive load. 

5. melt fabricability at moderate temperatures; 

6. fabricability into films and coatings by solvent casting; 

7. low temperature sprayability; 

8. unusually low refractive indices; 

9. excellent dielectric properties; 

10. excellent chemical resistance. 

The first four characteristic properties of the copolymers of the present invention are particularly 
advantageous in applications where the polymer must bear a load at an elevated temperature Because of 
their chemical inertness and excellent dielectric properties, they also are suitable for a number of 
specialized electrical applications. 

Also, because of their chemical inertness, good optical properties, and good physical properties they are 
suitable for the manufacture of optical lenses. The polymers of this invention can also be filled or reinforced 
with solid substances to make composite materials. The additives include, i.a., graphite graphite fibers 
aram.d fibers, mica, wollastonite, glass fibers, etc. Fibrous material may be in the form of loose fibers' 
fabrics, or mats. Such composite materials show enhancement of desirable properties such as modulus for 
example. 

Films of the amorphous copolymers of this invention are useful when thermally laminated to other 
polymeric films or metal foils. A laminate of the amorphous copolymers of this invention with copper foil is a 
superior substrate for flexible circuit production because the copolymer bonds directly with the copper 
without the necessity for an intervening adhesive. Conventional copper/adhesive/polyimide/adhesive/copper 
structures for electronic circuit substrates have the deficiency of high dielectric constant material next to 
copper. This limrts the ultimate speed of the electronic circuit. A laminate of copper/amorphous 
copolymer/copper permits very high circuit speeds because the amorphous copolymer film has a low 
dielectric constant (2.1) and can be thermally bonded directly to circuit copper. 

A thermal laminate of amorphous copolymer/polyimide/amorphous copolymer is useful as an electronic 
circuit substrate. Compared to polyimide film itself, this laminate is a superior circuit substrate because (a) it 
may be thermally bonded to copper foil without adhesive; (b) the low water absorption of the amorphous 
copolymer gives the substrate greater dimensional stability in humid environments; and (c) the low 
dielectric constant of the amorphous copolymer allows the fabrication of a high speed circuit. 

A thermal laminate of amorphous copolymer/polyimide is useful as a vacuum bag for the curing of parts 
such as helicopter blades made from carbon fiber reinforced thermoset. The high glass transition 
temperature, thermal stability and low surface energy of the amorphous copolymer give the laminate 
excellent release properties when this side is placed against the thermoset part to be cured The polyimide 
layer of the laminate provides strength to prevent pinholing when the bag enclosing the thermoset part is 
evacuated and raised to curing temperature. After curing and cooling the laminate is easily separated from 
the part. 

A thermal laminate containing film of amorphous copolymer as its outer faces and a film of oriented 
polypropylene as the core is useful as a low-cost film structure with outstanding chemical resistance and 
stain resistance combined with excellent mechanical properties. Such laminates can be used to protect 
sensitive instruments from environmental damage. 

Pipe, tubing and fittings which are made from or lined with the amorphous copolymer of this invention 
prevent the contamination of the process liquid with metal ions, plasticizer, or degradation products from the 
fluid handling system. Such fluid handling components are of very high purity, are inert to most common 
chemicals, and are easily fabricated by injection molding, extrusion, machining from stock Alternatively 
fluid handling system components may be fabricated from metal, glass, or other plastic and subsequently 
lined with amorphous copolymer of this invention by solution coating, dispersion coating, or electrostatic 
powder coating. In addition to pipe, tubing and fittings, other useful fluid handlino articles made from the 
amorphous copolymers of this invention are pump housings, pump impellers, valve bodies valve stems 
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valve seals, diaphragms, tanks, trays, pipettes, laboratory vessels. Such articles are especially useful in 
semiconductor processing fluid handling systems where parts-per-billion purity is required in process water 
and chemicals. Also, in molecular biology research laboratories where extreme purity is required, and 
microgram quantities must be completely released from the vessels in which they are handled, the fluid 

5 handling articles made from the amorphous copolymer of this invention are particularly useful. 

The amorphous copolymers of this invention are particularly useful when fabricated into articles to 
transport materials and components through chemical treatment processes. For example in the manufactur- 
ing process for semiconductor chips the silicon wafers must be transported through a series of chemical 
treatment steps; the containers in which the silicon wafers are carried must be chemically inert to prevent 

w contamination of the chips, and they must be rigid and dimensionally stable to permit precise automatic 
positioning at each stage of the process. Compared to the conventional fluoroplastics used for such wafer 
carriers, e.g., the copolymer of tetrafluoroethylene and perfluoro(propyl vinyl ether), the amorphous 
copolymers of the present invention have greater rigidity and greater dimensional stability. This advantage 
makes possible the fabrication of larger wafer carriers, e.g, baskets to hold silicon wafers of 30 cm in 

75 diameter; wafer carriers made from conventional fluoroplastics are too low in flexural modulus to be useful 
for wafers larger than about 1 5 cm in diameter. 

Other conveying system components for which articles made from the amorphous copolymers of the 
present invention are especially well suited are guide rails, conveyor belt links, bearings and rollers, clamps, 
racks, hooks, positioning pins, robot arm jaws and fingers, gears, cams and similar mechanical parts which 

20 must be precisely engineered, have good high temperature mechanical properties, retain dimensions, be 
chemically pure and chemically inert. Conveying system components made from the amorphous 
copolymers of this invention exposed to corrosive chemicals or ultrapure water are superior to all 
conventional fluoroplastics because of the superior high temperature mechanical properties and dimensional 
stability of the polymers of this invention. 

25 The low dielectric constant (2.1) and low coefficient of thermal expansion of the amorphous copolymers 
of this invention make them especially useful as dielectrics in electrical and electronic applications. For 
example, the dielectric used between the separate circuit layers in high speed digital multi-layer circuit 
boards must be very low in dielectric constant and be very dimensionally stable (comparable to ceramic 
and copper) from -20 °C up to soldering temperature of approximately 225 "C. Polyimide is dimensionally 

30 stable but has a high dielectric constant (>3); in addition it is susceptible to atmospheric moisture; the 
amorphous copolymers of this invention do not have these deficiencies, and multilayered circuits -which 
have this polymer as a dielectric between circuit layers are capable of greater speed and greater circuit 
density. 

The low moisture absorption, outstanding chemical resistance, purity, thermal stability, and dimensional 

35 stability of the amorphous copolymers of this invention make them especially suited for the protection of 
sensitive electronic circuits and components. Unlike conventional fluoroplastics the polymers of the present 
invention can be dissolved to form coating and encapsulating solutions. For example, a so-called "smart 
connector" may be encapsulated by dipping it, pins up, in a solution of the amorphous copolymer of 
Example t and evaporating the FC-75 solvent to leave a protective film of polymer to exclude environmen- 

40 tal water and corrosive chemicals. In another embodiment the polymers of this invention may be used 
instead of a thin layer of gold, so-called "gold flash to protect electronic connectors from corrosion from 
atmospheric chemicals. Whole electronic or electro-optic circuits may be encapsulated by the amorphous 
copolymers of this invention by a solution coating process, which is not possible with conventional 
fluoropolymers because of their insolubility in practical solvents. It is well known that aqueous dispersions of 

45 conventional fluoropolymers may be used to impregnate and encapsulate articles such as glass fabric and 
metal parts; however, the application of such dispersions is limited to substrates which can tolerate the high 
baking temperatures (>200°C) required to fuse the fluoroplastic into a pinhole-free coating. In contrast to 
aqueous dispersions of conventional fluoroplastics, solutions of the amorphous copolymers of the present 
invention may be applied to temperature sensitive substrates such as electronic circuits or electronic 

so components made from thermoplastics, and the solvent evaporated at moderate temperature (100°C or 
less) to leave a protective polymer film without the necessity of high temperature baking to fuse the 
polymer. 

As the amount of PDD in the copolymers of the present invention increases, the Tg also increases, 
although not necessarily in a linear fashion. The relationship between the mole fraction of TFE in the 
55 dipolymer with PDD and the Tg is shown in FIG. 1. It can be seen, for example, that a copolymer containing 
about 30 mole percent TFE has a Tg of 153 *C, while a copolymer containing about 23 mole % TFE has a 
Tg of 176 -C. 
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m J' 0 ' 2 Sh ! WS re,ati0nship between **> mole fraction, of PDD in the dipolymer with TFE and the To 
obtain Sr o , m RG. T " m ° n ° merS determined b * a different »™ that used to 

Tg is determined by differential scanning calorimetry (DSC) according to ASTM method D-3418 
Exammaton of the DSC curve shows only a second order transition and no first order transition, indicating 
the absence of crystallinity. The re.ative proportions of the comonomers in the copolymer can be 
determined by fluonne-19 nuclear magnetic resonance spectroscopy C'F NMR). This was the technique 
XVmX™ ^MR^ PrOPOrti ° n ° f ^en-containing monomers can be determined^ 

ryR^ h TH PrOPOrti ?r S °' comonomers in the copolymers also can be determined by x-ray fluorescence 
(XRF). This was the techn.que used to generate the plot of FIG. 2. Measurements were made on a Philips 
Electronic .nstruments 1404 XRF spectrometer. Samp.es were in the form of 50 mm disks approximately 1 
mm thick. Cal.brat.on of x-ray fluoroescence intensity as a function of weight % oxygen and fluorine was 
accomphshed us.ng three polymer samples of known composition which bracketed the anticipated fluorine 
and oxygen content of the unknown PDD-TFE copolymers. These standards were PDD homopo.ymer a 
copolymer o 40 weight % of perfluoro(methyl vinyl ether) with 60 weight % of tetrafluoroethylene and a 
copolymer of 96.1 weight % of tetrafluoroethylene with 3.9 weight % of perfluoro(propy, vinyf etheV) The 

bZca' bTat^ f b '^I T "™ det6rmined * method's whS 2* 

been cal.brated by accurate determ.nation of off gases during polymerization 

The analytical crystal used had an effective d spacing of approximately 5.0 nm The fluorine 
Muorescence ,n tensity maximum was at 43.5- 20, and the oxygen intensity maximum at 57,1 - 2e To 
mnS * Z ° ymerS of i unknown composition spanning the composition range of approximately 20 to 90 
mole % PDD were analyzed by XRF. Ten replicate determinations of a sample containing 63 7 % 
fluorine and 11.2 wt % oxygen (corresponding to 71.9 mole % PDD. 28.1 mole % TFE) gave a root mean 
square var.ance of 0.34% relative in fluorine and 1 .9% relative in oxygen 

,h*t T !Z C ° PO, T er f ° f PDD with the Perfluoromonomers of this invention are readily melt-processible so 
that they can be fabneated .nto articles by such techniques as, e.g.. injection molding and extrusion 

ci^zr^r z ave ,o ::r fractive ^ - * ******* ***** fa*** 0 ** iZTK 

fibers or ilvZ I ^ 7 " "?? '"J^" 75 ' ^ be convenien «y applied to substrates, such as optica 
fibers or flex.ble or r.g.d circuit boards, from solution to give thin polymer layers. Furthermore, films of these 
copolymers are clear and transparent, compared with hazy or translucent films of crystalline polymers For 
slZT n - h T rPh h OUS COpol * mers of the P»-n* invention are suitable for such applicat ions as Z 
examp e. windows for chemical reactors, especially for processes using or manufacturing hydrogen fluoride 
It is to be noted that, while PDD homopolymers also are amorphous and have good chemical 

ZclS™ i** T because of some degradation occurring at £ h gh 

processing temperatures required. 9 

Copolymerization is carried out in the presence of a free radical generator at a temperature suitable for 
the initiator chosen. Well agitated pressure equipment and a nontelogenic solvent or diluent should "be useo 
preferably one that has sufficient volatility to permit easy removal from the polymer 

where IZaTlloZ^T * ?" f °" OWin9 ° f Certain Pre,6rred embodiments thereof, 

where all parts, proportions, and percentages are by weight, unless otherwise indicated Most Tq's were 
determined using Du Pon, Differentia. Thermal Analyzer Model 1090 with 910 or 912 DSC modules AH 
units have been converted to SI units. muouies. aii 

45 EXAMPLE 1 

1 1 Ari,- 3 lT! ( S, ( ainleSS S ' eel Sh3ker tUPe W3S Char9ed With 51 9 < 0 - 21 mole > ° f PD °. 330 g of cold 

l.l,2-tr,ch.oro-1.2.2-tr,f.uoroethane and 0.2 g of 4,4--bis<t-butylcyclohexy.) peroxydicarbonate The tube was 
seated cooted further «o between -50 ■ C and -80 • C in a dry ice-acetone mixture, a.ternate.y evacuated Tnd 
so flushed w„h nitrogen three times, and charged with 1 g (0.01 mole) of TFE. The tube was sha^n 
honzomally w.th heating i hour each at 55-C, 65'C and 70 -C. After cooling to room temperature the 

The 10^. t,,led ' ' eaV ' n9 ' M ' Which was dried «" ■ vacuum o^n at 130 C 

The monomer composition was found by NMR to be 98 mole % of PDD and 2 mole % of TFE. 

i>5 EXAMPLE 2 

A c °' d 400 m " stainless steel shaker tube was charged with 270 g of cold 1 1 2-trichloro-l 2 2- 
tnfluoroethane. 42.2 g (0,7 mole) of cold PDD (which had been purified in a'fina. step by passage through 
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silica gel), 0.2 g of 4,4-bis(t-butylcyclohexyl)-peroxydicarbonate;the tube was sealed and further cooled to 
between -50 * C and -80 * C. At this point the tube was placed on a horizontal shaker, connected to the 
necessary tubing and temperature sensing device. The tube was then alternately evacuated and purged 
with nitrogen at least 3 times; the evacuated tube was then charged with 2 g (0.02 mole) of 

5 tetrafiuoroethylene (TFE). Agitation, at the rate of 180 strokes per minute, was commenced and the tube 
contents were heated to 55 °C; after 1 hour at 55 • C, the temperature was raised to 60°, 65°, 70°, and 
75 *C and held at each of these subsequent temperatures for 1 hour. The tube pressure was initially 124.1 
kPa at 5*C and gradually increased to 172 kPa at 75 °C. The tube and contents were cooled to room 
temperature and the contents, a thick, white, slurry, were discharged into a still. The solvent was distilled off 

10 at room temperature and reduced pressure; the solid polymer was then dried in a vacuum oven at 60 • C 
and finally at 145°C in a circulating air oven. The dried polymer weighed 39.4 g; the Tg was 250 °C and 
the polymer was amorphous as evidenced by the absence of a melting endotherm; the inherent viscosity 
was 0.0719 m 3 /kg, determined for a 0.36% w/v solution in perfluoro(2-butyltetrahydrofuran)-at 25 °C. 

Part of the polymer was molded at 300 c C into 0.32 cm thick by 1 .3 cm wide bars which were used for 

75 the determination of modulus vs. temperature, as shown in Table I; analysis showed it was an 89 mole % 
PDD/11 mole % TFE polymer. 

Another part of the polymer was compression molded at 280-300 °C into 1 cm thick and 1.3 cm wide 
bars. Sections of these were used in the deformation under 6.895 MPa compressive load tests shown in 
Table II. 

20 Another portion of the polymer was compression formed at 280 * C into 0.027 cm thick films. These 

were tested for tensile properties and reported as polymer C in Table III. 



COMPARATIVE EXAMPLE A 

25 A copolymer was made from 2 parts of PDD and 10 parts of TFE according to the exact procedure of . 

Example 3 of U.S. Patent 3,978,030 to Resnick. This polymeric product was extracted for 25 hours with 1+ 

1,1,2-trichloro-1 ,2,2-trifluoroethane. About 0.2 percent of the product weight was thus removed;, the ex- t g 

tracted fraction was a grease and appeared to consist of shaker tube lubricant and a small amount of an ei 

unknown fluorocarbon. This obviously was a low molecular weight material. The extracted product had no . ^ . } 

30 Tg between 25 and 200 °C. It was different from the amorphous copolymers of this invention. The solid ' 4 

extraction residue was a crystalline, rather than an amorphous polymer, as shown by wide-angle x-ray .55 

powder diffraction spectroscopy. This comparative experiment shows that at monomer ratios employed in ,..4 

Example 3 of U.S. Patent 3,978,030 no amorphous PDD/TFE copolymer is obtained. - w| 

35 COMPARATIVE EXAMPLE B : ^ 



A mixture of 5.0 g of PDD, 0.100 g of 4,4-bis(t-butylcyclohexyl)peroxydicarbonate, and 40.0 g of 1,1,2- 
trichloro-1 ,2,2-trifluoroethane was placed in a pressure tube. The mixture was thoroughly degassed, sealed, 
and placed in a constant temperature bath at 30 0 C for 20 hours. The polymerization mixture appeared as a 
40 thick, translucent slurry of polymer particles dispersed in 1 ,1 ,2-trichloro-1 ,2,2-trifluoroethane. The volatile 
material was removed by distillation, and the polymer residue was dried at 150 °C for 20 hours to give 4.7 g 
of PDD homopolymer. The products of four identical runs were combined. The polymer had two glass 
transition temperatures, at 333 and 350 0 C. 

Some physical properties of a typical PDD homopolymer are compared with those of the 89 PDD/11 
45 TFE dipolymer of Example 2 and those of prior art polymers, as shown below in Tables I and II. 
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TABLE I 





Young s Modulus (GPa) of Melt Fabricated Fluorocarbon Polymers At Three T«m n «r a w oc 


5 


Polymer Composition 


23 *C 


100'C 


200 -C 


10 


PDD Homopolymer 

-98 PDD/2 TFE Copolymer (soluble, amorphous) 
*89 PDD/1 1 TFE Copolymer (soluble, amorphous) 
TFE Homopolymer (Commercial) 

US 3,978,030, Example 3, "94 TFE/6 PDD Copolymer (insoluble, crystalline) 


0.95 
1.17 
1.25 
0.59 
0.58 


0.53 
0.97 
0.82 
0.29 
0.20 


0.31 
0.58 
0.54 



* Composition in mole % 



75 



20 



It must be mentioned that PDD homopolymer could not be melt-fabricated by compression moldino 

:Z3^Tr^::^TT? 9 ? r o,ution) Mo,din9s cou,d be ^LZ7::z^e 

,nC,?« ♦ « C - Above 370 -C, the degradat,on was quite noticeable; below 350 -C, the polymer flow was 

PDn o °l P o r nf UCm9 "If 95 ' ^ COalescense to a Homogeneous test slab was not aST 
nnnn h h ° m ° polymer cou,d be cast fr °™ perfluoro(2-butyltetrahydrofuran) solution. That material had 
good physical propert.es (e.g., high modulus) but this technique is impractical for thick parts 

Th. r T f S3mP a,S ° WSre t6Sted f ° r defo, ™tion "nder a 1000 psi (6.895 MPa) compressive load 
The results, as measured by ASTM D-621 , are shown in Table II. compressive load. 



TABLE II 



25 



30 



35 



" Composition in mole % 



Deformation (%) Under 6.895 MPa Compressive Load 


At23"C 


0.5 Hr. 


1 .0 Hr. 


24 Hr. 


TFE Homopolymer 

'Crystalline 94 TFE/6 PDD copolymer of US 3,978,030, Ex. 3 
*89 PDD/1 1 TFE Amorphous, Soluble copolymer 


2.4 

0.11 

0.05 


2.5 

0.11 

0.05 


3.6 

0.32 

0.08 


At 100 -C 






I FE Homopolymer 

"Crystalline 94 TFE/6 PDD copolymer of US 3,978,030, Ex. 3 
*89 PDD/1 1 TFE Amorphous, Soluble copolymer 


5.5 
4.2 
0.08 


6.0 
4.4 
0.08 


6.4 

6.4 j 
0.13 



40 



45 



mrJLlZ , Se !Ti a^rphous, soluble copolymer of this invention has a lower deformation under 

E R u T" ^ we,, - known TFE homopolymer or the crystalline PDD/TFrcop o ryme 
reported by Resn.ck ,n US 3,977,030. The difference is particularly remarkable at 100-C C0 P 0 *™ 

™. S CaUSG °-, lt$ ' OW ° reep Under com P fes sive load, as compared to commercial fluoropolymers this 
copolymer ,s, 1,ke other copolymers of this invention, suitable in the manufacture of gaskL espTdaliy for 
use ,n a corros.ve atmosphere, e.g., in chemical reactors, oil drilling equipment, automobile engines e^c 

EVALUATION OF FILMS 



50 



55 



kPa^P nf 0 th!"°' 05 f m thiCk W8re Com P ression molded at 230-300 -C from polymer granules at 700-7000 

the prio ^ cr^KTo^Z am ° rP H h0US 89 PDD/11 TFE C ° P0,ymer 0t the Present inve "«°"- *S 
IL£ Zn < l ryStal " ne c °P 0| ymer was made according to the teaching of U.S. 3,978.030 to Resnick as 
descnbed rn Comparative Example A herein. The physical properties of these films are reported in the 
o^ZLrT^' ^ " ^ ^ ^ th3t b ° th the m ° du,US «« the tensile strength ^Ue Zo^oZ 
3nhT ,' S mVent,0n si 9 nifica "tly improved over those of the crystaMine copolyme The 

amorphous copolymer is thus stiffer and stronger. copolymer. The 
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TABLE lit 



15 



Physical Properties of TFE/PDD Copolymers 




Comp. Ex. A (Crystalline Copolymer) 


Amorphous Copolymer 


Mole % PDD 


5-7 


89 


Tg(-C) 




250 


i ensue rToperues 


/oo o p cno/ du\ 
v-f, OU /o rvny 




Modulus (MPa) 


620 


1191 


Stress (MPa) 






Yield 


15.9 




Maximum 


20.7 


30.2 


Break 


20.7 


30.2 


Strain (%) 






Yield 


3.5 




Break 


125.3 


4.3 



20 



*ASTM D-1708 and D882A: Moduli derived from stress-strain curve. 



EXAMPLE 3 



25 



30 



35 



40 



A 2-liter vertical reactor equipped with a four-bladed impeller type agitator was charged with 1500 ml of 
deoxygenated, deionized water, 3.75 g of ammonium perfluorononanoate surfactant, and 4.70 g of 
ammonium sulfite. The reactor was pressurized with chlorotrifluoroethylene (CTFE), then vented. 

With the agitator running at 600 rpm, 25 ml of a 7% ammonium persulfate (APS) solution in water was 
introduced into the reactor heated to 60 *C; next, an initial charge of 2.63 g of CTFE and 16 g of PDD was 
added. After the mixture had been stirred for 30 minutes, continuous feed of 5.25 g/hr of CTFE, 32 g/hr of 
PDD (CTFE/PDD mole ratio of 0.344) and 10 ml/hr of APS solution was begun and continued for 4.5 hours. 
The reactor was cooled to 30 °C, and a dispersion containing 9.4% of solids was recovered. 

Concentrated nitric acid (15 ml) was added to the dispersion in a blender and agitated. The dispersion 
separated into a water phase and a copolymer phase. The copolymer was filtered off, dried in an oven at 
1lO°C for 24 hours, and further dried in a vacuum oven at lOO'C to remove any traces of water. The 
copolymer was next fiuorinated for 6 hours at 100 e C with a 25:75 fluorine/nitrogen mixture in a reactor 
which had been evacuated and purged with nitrogen. The total gas flow amounted to 0.132 part of fluorine 
per part of copolymer The reactor was then purged with nitrogen and cooled. The granulated amorphous 
copolymer, which was recovered, had a single glass transition temperature of 174°C. Its composition was 
19.7 mole % CTFE and 80.3 mole % PDD. 



EXAMPLE 4 



45 



A copolymer of PDD and CTFE was prepared in the same manner as described in Example 3, except 
that the initial charge consisted of 2.66 g of CTFE and 16 g of PDD (CTFE/PDD mole ratio of 0.346). The 
dispersion recovered from the polymerization reactor contained 9.03% solids. The resulting copolymer was 
fiuorinated as described in Example 1. It was amorphous, with a single Tg of 184°C and had a monomer 
composition of CTFE/PDD of 23:77 mole %. 



50 



EXAMPLE 5 



A. Coated Articles 



55 



A typical polymer composed of 72 mole % PDD/28 mole % TFE was prepared in accordance with the 
procedure of Example 2 using an appropriate monomer ratio. The PDD/TFE copolymer was dissolved in 
perfluoro(2-butyltetrahydrofuran) (FC-75®) to form a 5% solution. Two aluminum strips (101.6 mm x 12.7 
mm x 0.127 mm) were washed with 1 ,1 ,2-trichloro-1 ,2,2-trifluoroethane to remove residual processing oils. 
The aluminum strips were coated with the PDD/TFE polymer by dipping in the solution, then evaporating 
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75 



2 =r:,rrr T^T^rzx- rsns 

potassium hydroxide solution reacted vigorously for 15 2 f t" ^ 6 h U " COated alummum strip in the 

20 B - Fabricati on of Film and Lamination to Copper Foil 

A typical polymer composed of 72 mole % pnn/9ft mr,i~ o/ -i-trc 

EST- - m mo,e , 2 : he poi>mer - ^ set. s^sr**?? 



TABLE IV 



Test (Method) 


Result ' 


Dimensional Stability: (IPC-FC-241 A method 2 2 4) 
90 • Peel Strength: (IPC-FC-241 A method 2.4 9) 
Dielectric Constant: (ASTM D-1531 at 1 mhz) 
Dielectric Strength: (ASTM D-149) 
Volume Resistivity: (ASTM D-257) 


-0.72% 

1 58 newtons/m 
less than 2.3 

2000 Volt/mil thickness (7.9 x 10 7 volt/m thickness) 
3.0 x 10 17 ohms-cm (3.0 x 10 15 ohms-m) 



40 



45 



50 



55 



C. Fabrication of a Composite Structure 

proc^^^T^P^nS^ PDD/28 T % ^ Pr6Pared aCCOrda " Ce ^ *° 
form a 5% so.ST A ,01 J mm T^1 6 7** P erf,uora (2-butyltetr a hydrofuran) to 

baked under nCer ^a^osphTe VUl^T^urT^^ KEVLAR@ "* fabric was 

to room temperature the KEVi^R® fS> rem ° Ve absorbed water va P°' After cooling 

fabric in a shlTp^^^^ the PDD ^ P°'v™r by immersing the 

^i.**- I rDD/TFE polymer solution using care to exclude trapped pockets of air Th P 

PdJ^ temperature, "thereby cS^g Te 

polymer within the fabric in .nbmate contact with the individual fibers of the fabric. The polymer- 

10 
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impregnated fabric was then dried completely by baking at 200 °C for 4 hours. 

The resulting composite structure contained 45% by weight of PDD/TFE resin and was a flat and stiff 
sheet, as compared to the limp unimpregnated KEVLAR® fabric. This example demonstrates that fabric 
materials can be impregnated with the polymers of this invention by suitable application in solution to 
5 produce composite structures. 

EXAMPLE 6 

A copolymer containing 97.2 mole % of PDD and 2.8 mole % of TFE was prepared according to the 
10 general technique of this invention. The copolymer had an inherent viscosity of 0.128 m 3 /Kg, as measured 
at 30" C in a 0.0333 Kg/L solution in FC-75®, and a Tg of 311 °C. 

EXAMPLE 7 

75 A PDD copolymer with TFE was prepared as follows: 

A 400 ml stainless steel shaker tube was charged with 0.15 g of 4,4'-bis(t-butylcyclohexyl) peroxydicar- 
bonate, 50.0 g (0.205 mole) of PDD, 450 g of 1,1 ,2-trichloro-1 ,2,2-trifluoroethane, and 1.5 g (0.015 mole) of 
TFE and heated at 60 °C for 6 hours. The volatile material was evaporated, and the residue was dried at 
150*C for 24 hours to give 45.3 g of dipolymer. The dipolymer had an inherent viscosity of 0.0927 m 3 /Kg 

20 and a Tg of 261 .4 ° C. 

Fig. 3 is a plot of dynamic flex modulus vs. temperature of a polymer of the same type from a different 
run (Tg = 250 ° C). This curve was obtained using a Du Pont DMA-981 Dynamic Mechanical Analysis module • 
with temperature controlled by a Du Pont Series 99 thermal analyzer. The heating rate was controlled at 
10'C/min. The polymer sample was in the form of a small compression molded bar. In this instrument, the ,-^3? 

25 sample is oscillated at its resonant frequency, generally between 2 and 70 Hz. An amount of energy equal ^ 
to that lost by the sample is added during each cycle to keep the sample in oscillation^ at constant : -,. . ^ 
amplitude. As the temperature is changed, the resonant frequency also changes and is monitored by the . ^ 

instrument. The Young's modulus at any temperature is proportional to the square of resonant frequency, so ^ 
that resonant frequency data as a function of temperature can be converted to Young's modulus as a 

30 function of temperature using an equation, which can be found in "Instruction Manual, 981 Dynamic 

Mechanical Analyzer", PN 980010-000, E.L du Pont de Nemours & Co., Wilmington, Delaware, 1979, rev. B. . ^ 
A control plot for a commercial fluoropolymer, designated "PFA", also was obtained. ■. .* v 

Interpretation of Curves : The ordinate of the plot is the dynamic modulus in Gpa. The curve is t., ^ 
characterized by a gently decreasing modulus as temperature increases until the Tg of 4he resin is • ^ 

35 encountered (upper use temperature), at which point the decrease in modulus becomes very steep. The -*p0 
curve clearly shows the superior modulus of the PDD dipolymer in comparison to commercial 
fluoropolymer. At all temperatures within the working limits of the PDD dipolymer (below the Tg), its 
dynamic modulus is substantially higher than that of the commercial resin. The horizontal line at 5.5 GPa is 
a visual aid. It emphasizes that at 200 °C, the polymer of this invention has a modulus equivalent to that of 

40 PFA at room temperature. 

EXAMPLE 8 

A dipolymer of PDD with TFE was prepared according to the general technique described herein. It 
45 contained about 90 mole % PDD. Thermal coefficient of expansion was determined for this sample using a 
Du Pont 943 thermomechanical analyzer controlled by a Du Pont 990 thermal analyzer. The method was 
similar to that described in ASTM method E-8318-81 but was modified to test polymer samples in tension 
in the form of thin films. The thermal coefficient of expansion of the clamps used to hold the sample was 
determined by measuring the apparent change in length of a standard quartz rod clamped in the instrument 
so over the temperature range of interest. A standard copper sample was next measured over the same 
temperature range. The actual, corrected change in length of the copper sample was obtained as the 
difference between the quartz and copper data. Since thermal coefficient of expansion of copper as a 
function of temperature is accurately known, the constant relating change in length to thermal coefficient of 
expansion can be calculated as a function of temperature for the instrument. 
55 In order to measure thermal coefficient of expansion for a polymer sampl^. a thin film of the sample, 
generally between 0.127 and 0.381 mm thick, was mounted in the instrument, and the change in length as a 
function of temperature was measured over the indicated temperature range at a controlled rate of 
10*C/min. Each sample was heated through the indicated temperature range twice, data from the second 

11 
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PFA fluorocarbon resm), as well as with commercial tetrafluoroethy.ene homopolymer Irckow Tre 
fluorocarbon resin). The results are shown in Table V, below. nomopoiymer (TEFLON® TFE 

TABLE V 



70 



75 



20 



25 



30 



Thermal Coefficient of Expansion (mm/mm/* C x 10" 5 ) 


Copolymer Type 


Th. Coeff. of Exp. 


Range ( • C) 


PDD/TFE 

TEFLON® PFA-500 LP 
TEFLON® FEP 100 
TEFLON® TFE 


4.8 
12.6 
14.6 
14.6 


30-275 
20-220 
20-220 
20-220 



thJ£? abOV6 . data Show that the PDD/TFE copolymer of this invention has a very low coefficient of 
EXAMPLE 9 

amorphou - had a TtaTla8?-C ^ r^f^ToT? 45 9 (64% conversion >- Th * -Polymer was 
piiuus,, naa a ig or 186.7 C, and contained 90.8 mole% of PDD as determine hx, iap mmq 

spectroscopy. ,ts inherent viscosity was 0.0735 rr^, as measured at "a S^m^oLon^Tc 



35 
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EXAMPLE 10 

i^n-r in = w» . hours ' The resu| t'ng dipolymer was collected and dried at 

v,scos,,y of ,he d ip o, ym e, was 0.0293 m »* 9 , « measu(ea „ 23 . c ^^"L^ F^^ 

EXAMPLE 11 

0.0004 ^ , s iLi^:^:s t^^r: ^ it Tir^r*™ - 



12 
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EXAMPLE 12 

A cold 240 ml Hastelloy (TM) C shaker tube was charged with 80 g of 1 ,1 ,2-trichloro-1 ,2,2- 
trifluoroethane, 15 g (0.0615 mole) of PDD, 2 g (0.00474 mole) of EVE and 0.05g of 4,4 , -bis(t-butyl- 

5 cyclohexyl) peroxydicarbonate. The tube was sealed, evacuated while cold, and was charged with 0.8 g (± 
0.2 g) (0.008 mole) of TFE. The tube was agitated at 40 "C for 12 hours. The resulting terpolymer was 
collected and dried 20 hours in a vacuum oven at 120°C. A white resin 10.5 g (59% conversion) was 
obtained. This terpolymer was amorphous and had a Tg of 162°C. The inherent viscosity of the terpolymer 
was 0.0734 m 3 /kg, as measured at 25° C in a 3.33 kg/m 3 solution in FC-75®. The terpolymer had a 

70 composition of PDD/TFE/EVE = 79.5/16.5/4.0 (mole %) as determined by F-19 NMR spectroscopy. 

EXAMPLE 13 

A 2-liter horizontal reactor equipped with a paddle stirrer was charged with 1150 ml of deionized water, 
75 4 g of ammonium perfluorononanoate, and 1 .25 g of ammonium sulfite. 

With the stirrer turning at 70 rpm, an initial charge of 14 g of perfluoro( methyl vinyl ether) (PMVE) and 
32 g of PDD (PMVE/PDD mole ratio of 0.643) was introduced into the reactor heated to 65. C. Then, 30 ml 
of a 1% ammonium persulfate solution (APS) in water was added. The mixture was stirred at 65 °C for 10 
minutes, after which a continuous feed of 20 g/hr of PMVE, 48 g/hr of PDD, and 30 ml of the APS solution 
20 was begun and continued for 6 hours. The reactor was cooled to 30 °C. A dispersion containing 11.5% of 
solids was recovered. 

The dispersion was coagulated by addition of 10 ml of concentrated nitric acid in a blender, separating 
into a water phase and a copolymer phase. The copolymer was dried 24 hours at 105 *C in an oven at 
normal pressure and then at 1 0O • C in a vacuum oven to remove any traces of water. The copolymer was 
25 then fluorinated at 100°C for 6 hours in a previously evacuated and nitrogen-purged reactor . with a 25:75 . ^ 
fluorine/nitrogen mixture, which was passed at the total rate of 0.085 part of fluorine per part of copolymer. : 
The resulting amorphous copolymer had a single Tg of 173°C and had a monomer composition of % r , 
PMVE/PDD of 13:87 mole %. t l\ 'JX 

■ : / 'X 

30 EXAMPLE 14 ' ^ 

The 72 mole % PPD/28 mole % TFE copolymer of Example 5 is used in this example, tt has a Tg of 
170°C. The copolymer, in cube form, is charged to the hopper of the crosshead extruder described in U.S. 
Patent 4,116,654 to Trehu. The copolymer is extruded via a gear pump onto a "TO-8 Commercial" fused 

35 silica core, producing a 1 km continuous length of a 500 micrometer diameter having a 200 micrometer 

diameter core. This is done according to the technique of Example 1 of the Trehu patent. The front heating , *. £ 

zone is at 240 °C, and the die temperature varies from 280 to 310°C. The copolymer flows smoothly and 
evenly without bubbles, providing an even coating with good adhesion to the core. The clad fiber passes 
the standard toughness test and has an attenuation of 120 dB/km, which is adequate for many applications 

40 in automobiles and appliances. Because of the higher Tg of the cladding copolymer, the clad fiber can be 
used in a higher temperature environment than that of Example 11 of U.S. Patent 4,530,569 to Squire. 

Claims 

45 1. An amorphous copolymer of 65-99 mole % of perfluoro-2,2-dimethyl-1,3-dioxole with complementary 
amounts of a) tetrafluoroethylene and, optionally, at least one comonomer selected from the class 
consisting of the following compounds: 

b) chlorotrifluoroethylene, 

c) vinylidene fluoride, 
50 d) hexafluoropropylene, 

e) trifluoroethylene, 

f) perfluoro(alkyl vinyl ethers) of the formula CF 2 =CFOR F , where R F is a normal perfluoroalkyl 
radical having 1-3 carbon atoms, 

g) fluorovinyl ethers of the formula CF2 = CFOQZ, where Q is a perfluorinated alkylene radical 
55 containing 0-5 ether oxygen atoms, wherein the sum of the C and 0 atoms in Q is 2 to 10; and Z is a 

group selected from the class consisting of -COOR, -S0 2 F, -CN, -COF, and -OCH 3 , where RisaCr 
Cc alkyl, 

h) vinyl fluoride, and 

13 
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0 <perfluoroalkyl)ethy.ene, R,CH = CH 2 , where R, is a C,-C 8 normal perfluoroalkyl radical 
the glass transition temperature (Tg) ot the copolymer being at least 1 40 • C 

XZSZZSZSZSZ"-* a ,ne eonron °™' - c ° p ° , "™ ; ^ - «~ 

5 b) for chlorotrifluoroethylene, M b = 30, 

c) for vinylidene fluoride, M c = 20, 

d) for hexafluoropropylene, M d = 1 5 

e) for trifluoroethylene, M = 30 

f) for CF 2 = CFOR F> M, = 30, 
io g) for CF 2 = CFOQZ, Mg = 20, 

h) for vinyl fluoride, M h = 25, and 

i) for R f CH = CH 2l M, = 10; 
and, in the case of copolymers with more than one comonomer, the amount of each comonompr 

S = m a /M a + m b /M 5 + ... + mj/MiS 1. 

2. A copolymer of Claim 1 which has a glass transition temperature of at least 1 80 • C 
^SZZX^ZT ^ ^ " - P— 2,2- 

3. A copolymer of Claim 1 or Claim 2 which has a Tg of at least 220 • C. 
2S 4. A copolymer of any one of Claims 1 to 3 which has a single glass transition temperature. 

5 " t^^MlnT * C ' aimS 1 t0 * *** " * * 0,ymer ° f Perf'uoro-2,2-dimethy,-,,3-dioxo.e with 

7 " XS^SSTC? 8 3 C ° re ^ 3 daddin9 ' Wh6rein the is - amorphous copolymer of 

8- An optical fiber of Claim 7, wherein the cladding is a terpolymer. 

9 " ^SS^S^ST 7 ' ^ ^ C ' addin9 iS ' diP ° ,ymer ° f P^'-ro-2,2-dimethyM.3-dioxo.e 

40 

10. A self-supporting film of an amorphous copolymer of any one of Claims 1 to 6. 

11. Glazing for a chemical reactor fabricated from an amorphous copolymer of any one of Claims 1 to 6. 

" 1 " otaTot 5SE \VT Pr ° dUCti0n ° f drCUit manUfaC ^ d f ™ « — -polymer 

13. An optical lens made from an amorphous copolymer of any one of Claims 1 to 6. 

50 anlTatfeaToneTme^ T - * ° f 31 ^ fi ' mS W SheetS thermal * » one 

^*Jttf££Z£i \ r 6 . or sheet of an amorphous copo,ymer of 

ss 1^^.^^ " am ° rPhOUS C ° POlymer ° f 2,2-dimethyM, 3 - d i OX0 ,e is 

16 ^ of c^: nr. ■ coatin9 of an ~ ~ - 



30 



35 
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17. A metallic sheet or foil having on at least one face thereof a coating of an amorphous copolymer of 
perfluoro-2,2-dimethyl-l,3-dioxole of any one of Claims 1 to 6. 

18. An article for handling or processing of fluids selected from the group consisting of pipe, tubing, fittings, 
pump housings, pump impellers, valve bodies, valve stems, valve seals, diaphragms, tanks, trays, 
pipettes, and laboratory vessels, wherein at least one of the surfaces coming in contact with fluids is 
made of an amorphous copolymer of perfluoro-2,2-dimethyl-1 ,3-dioxole of any one of Claims 1 to 6. 

19. A container or component of a conveying system suitable for holding or transporting articles in contact 
with a corrosive fluid, said container or component being made of an amorphous copolymer of 
perfluoro-2,2-dimethyl-1 ,3-dioxole of any one of Claims 1 to 6. 

20. An electric current carrying component or device containing at least one dielectric element made of an 
amorphous copolymer of perfluoro-2,2-dimethyl-1 ,3-dioxole of any one of Claims 1 to 6. 

21. An article of electronic circuitry having on at least one of its exposed surfaces a protective coating of an 
amorphous copolymer of perfluoro-2,2-dimethyl-1,3-dioxole of any one of Claims A to 6. 



_0645406A1_L> 
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